This shows that the ohmic and streaming contributions to DS and US are additive. Eq 4 for ohm,DS and ohm,US follows by setting str,DS = str,US = 0 in eq S1 and eq S2, leading to the definitions of str,DS and str,US in eq 5. To apply eq 4 and eq 5 in data analysis, we must extract from the data the values of the parameters DS and US and the solution potentials DS and US for each flow rate.
Determination of DS and US . Eq 3 gives the relation between the interdependent faradaic current, applied potential and solution potential. In the absence of hydrodynamic flow, sol,DS is purely ohmic and is given by eq 4. For the DS electrode, eq 3 then reduces to 
can be fitted for the sole unknown parameter us using the previously determined value of ds . Figure S1 . Experimental cyclic voltammetric curves (scatter plot) for 100 µM Fc(MeOH)2 in KCl solutions with concentration 10 µM (a,e), 100 µM (b,f), 1 mM (c,g), 10 mM (d,h) for upstream(a-d) and downstream (e-h). These measurements are for UMEs and a pump rate of 5µL/h. The red solid lines are fits to Equations S3 and S4.
Data in the complete absence of flow are unavailable, but we consider the streaming potential at the lowest pump rate of 5 µL/h to be negligibly small. Figure S1 presents the redox cycling voltammograms for the downstream and upstream UMEs with corresponding fits based on eq 3 for salt concentrations in the range 10 µM -10 mM. Our model assumes a purely reversible reaction, however this is obviously an idealization as reflected by the absence of well-defined plateaus for the limiting current at low salt. In these cases the fits only take into account the shift and stretching of the CV curve due to ohmic drops and cannot reproduce the effect of quasireversibility. An additional complication is that we assumed that the resistances are fixed parameters independent of the current and flow rate, but at the lowest salt concentrations the faradaic process itself can alter the conductivity of the solution by charge injection. Still, eq S3 and eq S4 provide a qualitatively reasonable fit, especially for the downstream electrode. Figure S2 shows plots of the fitted resistance vs electrolyte concentration (the resistance values for 100 mM salt cannot be reliably resolved because the curves are insensitive to the fitting parameters in this range and it is excluded from consideration). The downstream resistance scales with the salt concentration, while the upstream nearly saturates below 1 mM. Since the upstream resistance is mostly the resistance of the microchannels, this effect is presumably influenced by the dominant impact of the surface conductivity at low ionic strengths. Determination of DS and US . The values of DS and US depend on the magnitude of the currents injected at the electrodes, UME,DS and UME,US . For definiteness, we concentrate on the values of DS and US at currents corresponding to the half-wave potential.
The impact of the streaming potential is equivalent to a flow-rate-dependent shift in E0. The linearized expression for the redox cycling current is
This allows extracting the value of the streaming potential at the point where U = 0, Figure S3 shows the experimental data linearized according to eq S5. The outcome is not fully linear, however it is linear in a significant range of potentials around the zero crossing which is most crucial for the determination the streaming potential value. We use these graphs to determine Vapp when the term U turns to zero and substitute the result in Eq. S6 to calculate Vstr. . Intersection of the data with the x-axis corresponds to the value of the half-wave potential.
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SI-2 Streaming potential in parallel flow configuration
Consider a microchannel and a nanochannel in parallel. These can be described by the equivalent circuit in Figure S4 . The streaming currents through the channels are str,m and str,n and the corresponding resistances are m and n . For simplicity we focus on the case where there is no external pathway for the current ( ref = 0) . Independently, the channels have streaming potentials str = inlet − outlet given by str,m = − str,m m (S7a)
Importantly, because str and have different dependencies on the channel geometry, in general str,m ≠ str,n at a given flow rate. When connected in parallel, the streaming potential is then instead 
That is, str,p is a weighted average of str,m and str,n with the lower resistance channel having a higher weight. Interestingly, while there is no net current passing through the system ( ref = 0), a circulating current is created that flows in opposite directions in the micro-and nanochannels. When n ≫ m , eq S8 reduces to str,p ≈ str,m . Figure S4 . Equivalent circuit for parallel flow configuration with a microchannel and a nanochannel.
SI-3 Simulations.
We simultaneously solve the Poisson-Nernst-Planck and Navier-Stokes equations numerically using COMSOL Multiphysics ® software to compute the streaming potential under steady state for a microchannel and a parallel microchannel and nanochannel. The governing equations are
where V is the electrostatic potential, P the pressure, u the fluid velocity vector, 0 the permittivity of vacuum, and the relative permittivity of the solution. The space-charge density and the ionic fluxes Ji are defined for species i as
where e is the elementary charge, zi the valence of number of charge, ni the number density, kB the Boltzmann constant, T the temperature and Di the diffusion coefficient.
Here we consider the case in which the surface charge density (σ) is zero for the reservoir and nanochannel walls and -6×10 -4 C/m 2 for the microchannel walls, which is equivalent to a zeta potential of ca. -25 mV in the Debye approximation. The channels are connected to large reservoirs with fixed bulk concentration (nB = 0.1 mM). The potential at the outside edges of the downstream reservoir is taken as zero and there is no net current input from the upstream reservoir. The applied pressure (P0) is set at the boundaries of the upstream reservoir at a value of 20 kPa. The boundary conditions can be stated as follows:
,⊥ = 0; = 0 (S11a) (at channel and reservoir walls) = 0, ; = ; = 0 (S11b) (at the downstream end) S8 ∇ = 0, = , = 0 (S11c) (at the upstream end)
The domain in which the governing equations are solved is shown in Figure S4 . The Debye
) is 30 nm in the current case. The size of the reservoir is large enough that the result is independent of this parameter. To facilitate convergence for the electric field, the sharp corner between channels and reservoirs were polished with a fillet radius of 100 nm. The minimum mesh grid size was 0.05 nm, located at the ends of channels as well as adjacent to the walls. We fabricate nanofluidic devices on the surface of a one-side polished 4 inch Si wafer with 525 µm thick thermally grown (wet) SiO2 of thickness ~500 nm according to the process flow shown in Figure S5 . In the first step, positive photoresist (OIR 907-12, Arch chemicals) of thickness 1.2 µm is spin-coated and bottom electrodes are patterned with photolithography. 3 nm of Ti (adhesion layer), 20-30 nm of Pt (electrode) and 3nm of Cr (adhesion layer) are deposited with electron-beam evaporation, then lift-off in DMSO is performed. The wafer with completed bottom layer is then cleaned in IPA and DI water. To form a nanochannel we pattern and deposit in the same way 50-150 nm thick Cr sacrificial layer. This layer has to be wider than the bottom electrode to cover it reliably with consideration of imperfect alignment. The top layer consists of a 3 nm Cr adhesion layer, Pt electrode, and 3 nm Ti adhesion layer and is fabricated using the same techniques. The Pt thickness depends on the thickness of the Cr sacrificial layer. The continuity of sacrificial and top layers can be broken on the edges of the structure below, so each subsequent layer should be thicker than the previous layers. In the next step of fabrication we passivate the wafer with a 300-500 nm dielectric coating using PECVD. In our experience SiO2 and SiN are equally suitable for isolation purposes. Next, we deposit a 1.7 µm layer of positive photoresist (OIR 907-12, Arch chemicals) and pattern access holes. These holes are etched using RIE and provide fluid access to the nanochannel and allow external probes to access contact pads. The leftovers of photoresist are removed with acetone. Finally, the entire wafer is diced into separate dies suitable for experiments.
